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Method for detecting resistant fungal cells 



I in clinical material \ 



Background of the Invention 



Field of the Invention 



The present invention relates to a method for detecting resis- 
tant fungal cells in clinical material. 



The general interest in methods for detecting fungal cells must 
be considered in view of the fact that, especially in recent 
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years, fungal species have acquired considerable importance as 
nosocomial pathogens in immuno suppressed patients. 

Related Prior Art 

The methods known hitherto for the analysis of fungal infec- 
tions aim principally at making possible a diagnosis of the 
fungal infection and an identification of the pathogenic fungal 
species. This done by, for example, cultivation of fungal spe- 
cies from clinical material on suitable nutrient media, and 
possibly by the use of molecular biology methods. 

Among the medically most significant facultatively pathogenic 
fungus genera is the genus Candida, belonging to the genus 
fungi imperfecti. It causes so-called Candida mycoses, also 
called candidoses. The most important pathogen within the Can- 
dida genus is the species Candida albicans, which causes not 
only infections of the skin and mucosa usually having a less 
serious course, but also deep organ mycoses or systemic myco- 
ses. "Systemic mycoses" are understood to mean fungal infec- 
tions which affect not only the skin or mucosa, but also fur- 
ther organs, organ systems, or indeed the entire organism. In 
the latter case the term "generalized" fungal infection is also 
used. 

Detection of the pathogen agent in systemic mycoses is extraor- 
dinarily problematic, and in practice is often performed only 
post mortem. Molecular biology analytical methods have resulted 
in a substantial improvement here: they make it possible to de- 
tect fungal infections quickly and reliably, and to distinguish 
different fungal species from one another. 
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The publication "Rapid, polymerase chain reaction-based identi- 
fication assays for Candida species" by Niesters et al. (1993), 
Journal of Clinical Microbiology, pp. 904-910, describes a 
method, based on the polymerase chain reaction (PCR), with 
which various Candida species can be detected and differenti- 
ated. 

In this method, the fungus-specific nucleic acids are first ex- 
tracted from clinical material and then further analyzed. 
Analysis is performed by detailed examination of the 18ssuRNA 
gene region. This is done by using suitable primers to amplify 
a segment of this gene region by PCR; the resulting PCR prod- 
ucts are either sequenced, analyzed with the aid of restriction 
enzymes, or hybridized with specific hybridization probes. In 
the latter case, the hybridization probes are labeled by incor- 
porating radioactive nucleotides, and detected by autoradiogra- 
phy. Different Candida species can then be distinguished from 
one another based on the sequence, the restriction pattern, or 
the hybridization pattern. 

A further method with which Candida albicans infections can be 
diagnosed is described in the publication "Detection of surgi- 
cal pathogens by in vitro DNA amplification. Part I. Rapid 
identification of Candida albicans by in vitro amplification of 
a fungus-specific gene" by Buchman et al. (1990), Surgery 108, 
pp. 338-347. 

With this method, detection of Candida albicans infection is 
accomplished by PCR amplification of a different fungus- 
specific gene region, namely the gene for the enzyme 14-oc- 
lanosterol demethylase. 
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The PCR products are detected in this case not by hybridiza- 
tion, but by separation in agarose gel and by staining the DNA 
with ethidium bromide. 

In the two methods described above, molecular biology tech- 
niques are used to detect fungal infections in patient material 
and, as described in the publication of Niesters et al., addi- 
tionally to distinguish different species of the genus Candida 
from one another. 

Once the systemic fungal infection has been detected, it can be 
counteracted with various antimycotics , i.e. agents which in- 
hibit the growth of fungi. The active ingredients for systemic 
use are azole derivatives, the polyene amphotericin B, flucyto- 
sine, griseofulvin, and terbinafine. The antimycotics ordinar- 
ily used are the azole derivatives, which include, for example, 
fluconazole. 

Frequent use of this class of antimycotics has resulted very 
recently in the development of resistant fungal strains whose 
growth can no longer be inhibited with these therapeutic 
agents. It is not possible, however, to dispense entirely with 
the use of this agent, since in addition to its good effective- 
ness against systemic mycoses, in contrast to the other antimy- 
cotics it causes only mild and moreover harmless side effects. 
The essential problem in this context is that resistances of 
this kind cannot be detected early on, since no rapid tests are 
available for determining the presence of resistant fungal 
cells . 
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Azole derivatives are thus used initially as the "agent of 
choice"; only the fact that the patient shows no improvement 
despite high dosage and long-term treatment then allows the 
conclusion that he or she is infected with fungal cells that 
are resistant to azole derivatives. This diagnosis is often not 
made until the course of the infection in the patient takes a 
dramatic turn despite treatment with azole derivatives which, 
however, are ineffective in that particular case. 

Summary of the Invention 

In view of the above, it is an object of the present invention 
to create a rapid and reliable method with which azole deriva- 
tive-resistant fungal cells can be specifically detected. 

According to the present invention, this object is achieved by 
a method having the following steps : 

a) Extraction of fungus-specific nucleic acids from 
clinical material; and 

b) Hybridization of the fungus-specific nucleic acids 
with hybridization probes which are directed toward 
nucleic acid segments of azole derivative-resistant 
fungal cells. 

By hybridizing fungus-specific nucleic acids using hybridiza- 
tion probes which specifically detect nucleic acid segments 
from azole derivative-resistant fungal cells, but not those 
from azole derivative-sensitive fungal cells, the detection of 
resistant fungal strains is now made accessible to a rapid, re- 
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producible, and easy-to-perf orm molecular biology method. De- 
tection can be thereby be accomplished quickly and on the basis 
of small quantities of clinical material. If a positive finding 
is made, i.e. if resistant fungal strains are present, a tran- 
sition can be made to a different antimycotic agent with which 
the fungal infection is ultimately counteracted. 

For this method, fungus-specific nucleic acids can preferably 
be extracted from blood, but also from biopsy material, sputum, 
mucosal swabs, or other patient material. 

Either the fungus-specific DNA or the RNA can be isolated; it 
is then detected by DNA /DNA, DNA /RNA, or RNA /RNA hybridization. 

It is possible to detect the hybridization in solution or on 
solid carriers, for example membranes or columns; the hybridi- 
zation probes used are radioactively or nonradioactively la- 
beled, and the specific hybridization is then detected by au- 
toradiography or by enzyme-catalyzed color reactions. 

The object of the invention is thereby completely achieved. 

It is preferred, in the case of the method according to the 
present invention, if the hybridization probes are directed to- 
ward a DNA segment from the 14-a-lanosterol demethylase gene. 

This is because the inventors of the present application have 
been able to demonstrate that in fungal species which exhibit 
resistance to azole derivatives, mutations occur in this gene 
region of the fungal DNA which, surprisingly, correlate in 
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highly significant fashion with the clinical and microbiologi- 
cal finding of azole derivative resistance. 

One possible explanation for this correlation is based on the 
recognition that the azole derivatives inhibit ergosterol syn- 
thesis in fungi. Ergosterol is a steroid which is embedded into 
the so-called plasmalemma, which is the phospholipid layer that 
adheres to the interior of the fungal cell wall. Ergosterol is 
synthesized in the cell from lanosterol, a precursor. The deci- 
sive step in the synthesis of ergosterol from lanosterol is 
catalyzed by the enzyme 14-ce-lanosterol demethylase, abbrevi- 
ated 14-DM. 

Since ergosterol is an essential building-block of the plas- 
malemma, in the absence of ergosterol no cell division can take 
place. Continued synthesis of cell wall and plasmalemma is nec- 
essary for cell division. 

Because the steroid ergosterol occurs specifically in fungi but 
not in human cells or bacteria, inhibition of ergosterol syn- 
thesis, which is essential for the growth of fungal cells, can 
be successfully used to counteract fungal infections. 

It is thus an advantage of the method according to the present 
invention that hybridization probes are used against the gene 
which codes for the protein attacked directly by the azole de- 
rivatives. In resistant fungal cells, changes in the nucleic 
acid sequence occur frequently in this gene. The specific hy- 
bridization probes are then designed so that they detect these 
sequence changes, i.e. bind only to gene segments of fungal 
cells which exhibit resistance to azole derivatives. 
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It is further preferred in this method if the hybridization 
probes are directed toward a DNA segment from the 14-a- 
lanosterol demethylase gene of the species Candida albicans. In 
Candida albicans this gene is also called the ERG16 gene. 

It is advantageous in this context that the hybridization 
probes make it possible to diagnose resistant strains of the 
most common pathogenic fungal species , namely Candida albicans. 

In an improvement of the method according to the present inven- 
tion, a PCR reaction in which segments of the 14-cc-lanosterol 
demethylase gene are amplified is performed between steps a) 
and b) . 

This feature thus has the advantage that the method gains both 
sensitivity and specificity, since large quantities of starting 
material are generated which specifically contain only the re- 
quired gene segment. The material amplified by PCR is then 
used, for example, in Southern hybridization. 

In an improvement of the method according to the present inven- 
tion, it is preferred if the nucleotide sequences SEQ ID no. 1 
and SEQ ID no. 2 or the nucleotide sequences SEQ ID no. 3 and 
SEQ ID no. 4 are used in the PCR reaction as primer pairs. 

It is advantageous in this context that, as the inventors have 
recognized, these primer pairs can be used to amplify DNA seg- 
ments which contain DNA sequences characteristic of resistant 
fungal species. The resulting amplification products are much 
shorter than the entire gene, and thus allow for simpler subse- 
quent processing. 
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In the method according to the present invention it is further 
preferred if one or more of nucleotide sequences SEQ ID nos. 5 
through 8 of the enclosed Sequence Listing are used in step b) 
as hybridization probes. 

This is because the inventors of the present application have 
recognized that, surprisingly, these hybridization probes can 
be used to distinguish resistant Candida species, whose resis- 
tance results in each case from only a single base exchange in 
the ERG16 gene, against sensitive strains which do not exhibit 
this mutation. 

In an advantageous embodiment, in step b) the hybridization 
probes are labeled with digoxigenin and used in Southern hy- 
bridization. Detection of a specific hybridization is then ac- 
complished by way of enzyme-conjugated anti-digoxigenin anti- 
bodies, the enzymes catalyzing color reactions. 

The advantage here is that labeling of the hybridization probes 
does not need to be accomplished radioactively . In addition, 
large quantities of hybridizations probes can be labeled simul- 
taneously; these can then be divided into aliquots and stored 
at -20°C, since they are stable for long periods. Aliquots from 
the same labeling reaction can then be thawed out and used for 
the individual detection reactions, thus guaranteeing good re- 
producibility over long periods of time. 

Of course radioactive labeling methods and other nonradioactive 
labeling methods, for example labeling with biotin, are never- 
theless also possible. 
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In Southern hybrid! 2 at ion , it is advantageous that the nucleic 
acid to be analyzed can be rapidly applied onto a membrane, for 
example a microcellulose or nylon membrane. The quickest method 
in this context is the "blot-blot" or "dot-blot" method famil- 
iar to those skilled in the art. 

It is also possible, however, first to separate out the DNA be- 
ing analyzed in agarose gel, and only then to transfer it onto 
the membrane. 

The fungal DNA can be used directly, or after prior PCR ampli- 
fication, in Southern hybridization. 

It is understood, however, that it is also possible to analyze 
fungus-specific RNAs . These can either be isolated directly 
from the cytoplasm of fungal cells, or can be produced by re- 
verse transcription. Analysis can then be accomplished using 
Northern blot or other RNA detection reactions. 

Hybridization need not be accomplished on membranes, as for ex- 
ample in the case of Southern or Northern hybridization, but 
can also be performed in solution or on columns . 

If hybridization probes having the nucleic acid sequences SEQ 
ID nos. 4 through 8 are used in step b), it is preferred if, 
after hybridization, a washing step is performed at a tempera- 
ture which is approximately 1°C less than the melting tempera- 
ture (Tm) of the particular hybridization probe used. 

The advantage here is that in this washing step, because of the 
relatively high temperature only those double-strand regions 
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which do not exhibit any mispairing are stable. All paired hy- 
bridization probes whose DNA sequences do not completely match 
the corresponding fungal DNA segment are thus washed away in 
this washing step, and therefore no longer yield a signal in 
the detection reaction. In this fashion, a signal is obtained 
only if the fungal DNA derives from a resistant fungal cell 
which contains the mutation. 

It is therefore possible in this manner, using the specific hy- 
bridization probes, to distinguish among gene segments which 
differ from one another by only a single base. 

The invention further concerns the nucleotide sequences SEQ ID 
nos. 1 through 8 of the enclosed Sequence Listing. 

It is preferred in this context if nucleotide sequences SEQ ID 
nos. 1 and 2 are used as primers for the PCR reaction, and nu- 
cleotide sequences SEQ ID nos. 5 and/or 6 as hybridization 
probes in the method for the detection of azole derivative- 
resistant fungal cells. 

It is also preferred if nucleotide sequences SEQ ID nos. 3 and 
4 are used as primers, and nucleotide sequences SEQ ID no. 7 or 
8 as hybridization probes in the method according to the pres- 
ent invention. 

The advantage of this feature is that the polymerase chain re- 
action thereby initially makes available, without difficulty, 
large quantities of easily handled DNA fragments comprising 
300-4 00 base pairs; the base exchanges which may be present in 
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those PCR fragments can then be identified using the hybridiza- 
tion probes . 

Specifically, the inventors of the present application have 
succeeded in demonstrating that in azole derivative-resistant 
fungal strains, a number of individual base exchanges occur as 
compared with azole derivative- sensitive fungal strains. For 
example, a base exchange from T to G in the ERG16 gene causes 
amino acid phenylalanine No. 105 of enzyme 14-DM to mutate to a 
leucine. This T/G exchange can be detected on the gene level 
using the hybridization probe having nucleotide sequence SEQ ID 
no. 5. The inventors have also recognized that a base exchange 
from A to C can occur in resistant fungal strains, causing 
amino acid glutamine No. 142 to mutate to a proline. This muta- 
tion can be detected with the hybridization probe having nu- 
cleotide sequence SEQ ID no. 6. Two further base exchanges, 
both from G to A, have also been found. These cause glycine No. 
464 of 14-DM to mutate to a serine, and valine No. 488 to mu- 
tate to an isoleucine. These two point mutations are detected 
with the hybridization probes having nucleotide sequences SEQ 
ID nos. 7 and 8, respectively. 

Since resistant fungal strains contain either one or several of 
the base exchanges on the specifically amplified PCR fragment, 
it is advantageous if the corresponding hybridization probes 
are used simultaneously in Southern hybridization. A positive 
signal then indicates in all cases that a resistant fungal spe- 
cies is present. If hybridization is performed using only one 
of the hybridization probes, it is possible to detect which mu- 
tation has occurred in this resistant fungal strain, and 
whether one or several mutations are present. 
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It is understood, however, that nucleotide sequences SEQ ID no. 
1 and SEQ ID no. 4 can also be combined as primers, so that the 
amplified PCR fragment of approximately 1,400 base pairs then 
contains all the mutations detectable with the hybridization 
probes having nucleotide sequences SEQ ID nos . 5 through 8. 

The invention further concerns a kit for the analysis of fungal 
infections with azole derivative-resistant fungal strains, one 
or more of nucleotide sequences SEQ ID nos. 1 through 8 being 
contained in said kit. 

A kit of this kind has the advantage that the method can be 
performed particularly quickly and easily, since the laboratory 
performing the method does not itself need to produce the prim- 
ers and hybridization probes. 

The kit can also contain all the solutions necessary for per- 
forming the polymerase chain reaction and hybridization. It is 
thereby possible for the method according to the present inven- 
tion to be performed even in a routine laboratory by semi- 
skilled personnel. The method can moreover be performed quickly 
and without time-consuming preparations, and with high repro- 
ducibility, if all the necessary materials for many reactions 
are furnished in the kit. 

Further advantages are evident from the description below. 

It is understood that the features mentioned above and those 
yet to be explained below can be used not only in the respec- 
tive combinations indicated, but also in other combinations or 
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in isolation, without leaving the scope of the present inven- 
tion. 

Detailed Description of Preferred Embodiments 

Examples of performing of the individual steps of the method 
are given in the description below. 

Example 1 : Cultivation of Candida albicans strains 

For analysis and for comparison between resistant and sensitive 
Candida albicans strains, patient material or yeast samples are 
incubated for 48 hours at 30 °C on Sabouraud glucose agar, a 
standard medium used for yeast culturing. Several colonies are 
then sampled, and placed in sterile 0.9% sodium chloride solu- 
tion . 

Example 2 : Disintegration of fungal cells and isolation of 
fungal DNA 

The fungal cells are disintegrated by alkaline lysis (50 mM 
NaOH, 10 minutes, 95 °C) followed by neutralization and enzy- 
matic treatment with Zymolase (Sigma). The proteins are dena- 
tured at 65°C in Tris/EDTA and 10% SDS solution. 

The resulting solution contains fungal cell debris as well as 
free fungal DNA, which now must be isolated. 

This is done first by protein precipitation using 5 M potassium 
acetate, and precipitating the DNA by adding ice-cold isopro- 
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panol. The precipitation product is used for the subsequent 
process steps. 

Example 3 ; Amplifying a DNA fragment from the ERG16 gene 

The purpose of the PCR reaction is to first amplify segments of 
the ERG16 gene to which the specific hybridization probes bind. 
The ERG16 gene, with a total length of 1,851 base pairs, is 
thereby subdivided into easily handled segments which can read- 
ily be amplified by PCR. 

If DNA sequences SEQ ID nos . 5 and/or 6 are to be used as the 
hybridization probe, a PCR with primers having nucleotide se- 
quence SEQ ID nos. 1 (upstream primer) and 2 (downstream 
primer) is performed. 

The aforesaid primers then yield a PCR product which comprises 
the region from base 379 to base 676, i.e. approximately 300 
base pairs, of the ERG 16 gene. 

If DNA sequences SEQ ID nos. 7 and/or 8 are to be used as hy- 
bridization probes, nucleotide sequences SEQ ID nos. 3 
(upstream primer) and 4 (downstream primer) are used in the 
PCR. 

These primers amplify the region from base 1360 to base 1774 of 
the ERG 16 gene, i.e. a fragment of approximately 400 base 
pairs . - 

The PCR conditions are as follows: 
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Buffer (50 ul) : 

10 mM Tris (pH 9.6) 

50 mM NaCl 

10 mM MgCl2 

0.2 mg/ml BSA 

Polymerase 

0.5 mM of each nucleotide 
100 pM of each primer 

Initial denaturation 3 min at 94° C 

Cycle denaturation 0.5 min at 94° 

Annealing: l min at 62° C 

Extension: 2 min at 72 °C 

Terminal extension: 5 min at 72 °C 

No. of cycles: 34 



The high concentration of magnesium in the buffer ensures high 
specificity for the polymerase, which can operate in the exten- 
sion step at its optimum temperature of 72 °C. 



The PCR reactions yield starting material in sufficiently large 
quantity so that further analysis can now be performed to de- 
termine whether the DNA derives from resistant or sensitive 
fungal cells. 



The positions of the primers and the hybridization probes on 
the ERG16 gene are shown in Table I at the end of the Detailed 
Description. 

Example 4: Southern hybridization of PCR fragments 
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The PCR products obtained in Example 3 are thermally denatured 
and applied onto nylon membranes, for example using the slot- 
blot method familiar to those skilled in the art. The DNA is 
crosslinked on the nylon membrane. The hybridization probes are 
labeled by incorporating digoxigenin-labeled nucleotides using 
methods which are familiar to those skilled in the art (e.g. 
nick translation or random priming) . 

The DNA immobilized on the membrane is then initially denatured 
for 20 minutes with 0.4 N NaOH, and then neutralized with 2 x 
SSPE (1 x SSPE = 150 mM NaCl, 10 mM sodium dihydrogen phos- 
phate, 1 mM EDTA, pH 7.7). Prehybridization of the membrane is 
performed for 20 minutes in 6 x SSPE, 5 x Denhart ' s solution, 
0.1% N-lauryl sarcosine sodium, 0.02% SDS at 42 °C. 

Hybridization is then performed in the aforementioned hybridi- 
zation solution to which 30 pM digoxigeninated hybridization 
probe has been added, for 20 minutes at 42°C. The hybridization 
probes used are one or several of sequences SEQ ID nos . 5 
through 8, individually, sequentially, or several concurrently. 

Hybridization specificity is determined by washing steps which 
then follow. The first two washing steps are performed for 5 
minutes at 42 °C in 2 x SSPE, 0.1% SDS. Two washing steps are 
then performed for 7 minutes each in 6 x SSPE, 1% SDS, the 
washing temperature being approximately, and preferably ex- 
actly, 1°C less than the Tm value. 

The melting temperatures of the hybridization probes, and the 
base exchanges detectable by way of the hybridization probes, 
are indicated in Table I. 
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If the nucleotide sequence of the hybridization probe does not 
exactly match the corresponding sequence of the PCR fragment, 
the hybridization probe is washed away in this step. 

The detection reaction is then performed; this determines 
whether or not digoxigeninated hybridization probe is present 
on the membrane. This is done in a method according to the 
manufacturer's protocol of the Boehringer Mannheim company, us- 
ing enzyme-conjugated anti-digoxigenin antibodies. The enzyme 
then catalyzes a reaction which causes creation of an insoluble 
color complex. 

If one of the specific hybridization probes having the se- 
quences SEQ ID nos . 5 through 8 has specifically hybridized 
with the fungal DNA from clinical material, the patient con- 
tains fungal cells which are resistant to azole derivatives. 
Treatment with azole-derivative antimycotics is therefore inad- 
visable for an infection with fungal cells of this kind, and a 
different treatment to counteract the Candida infection must be 
instituted. 
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Table I: 



Nucleo- 
tide 

sequence 


Type 


Binding 
location 
on ERG 16 
gene ( nt ) 


Length of 
nucleotide 
sequence 
(nt) 


Length 
of PCR 
fragment 
(bp) 


Tm (°C) 


Base ex- 
change 


SEQ ID 
no. 1 


Upstream 
primer 


379-400 


21 


297 








2 


Down- 
stream 
primer 


657-676 


19 








3 


Upstream 
primer 


1360-1383 


23 


414 






4 


Down- 
stream 
primer 


1751-1774 


23 




— 


— 


5 


Hybridi- 
zation 
probe 


448-747 


30 




74°C 


T -> G 


6 


Hybridi- 
zation 
probe 


557-584 


28 




74°C 


A -> C 


7 


Hybridi- 
zation 
probe 


1522-1551 


30 




82°C 


G -> A 


8 


Hybridi- 
zation 
probe 


1597-1628 


32 




76°C 


G -> A 
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SEQUENCE LISTING 



GENERAL INFORMATION: 



APPLICANT: 

NAME: Eberhard-Karls-Universitat Tubingen, 

University Clinic 
ADDRESS: Geissweg 3 
CITY: Tubingen 
COUNTRY : Germany 
POSTAL CODE: 72076 
TELEPHONE: (7071) 29-1 

TELEFAX: (7071) 293966 



DESCRIPTION OF THE INVENTION: Detection of resistant fungal 
cells 



NUMBER OF SEQUENCES: 8 



MACHINE-READABLE VERSION: 

DATA MEDIUM: (to follow) 
COMPUTER: 
OPERATING SYSTEM: 
SOFTWARE : 



DATA FOR THIS APPLICATION: 

ATTORNEY'S FILE NUMBER: 5402P132US 



INFORMATION FOR SEQ ID NO. 1: 

SEQUENCE CHARACTERISTICS: 

LENGTH: 21 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY : Linear 



HYPOTHETICAL: YES 
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SEQUENCE DESCRIPTION: SEQ ID NO. 1: 
AAGTATGGTG ATGTATTTTC A 



INFORMATION FOR SEQ ID NO. 2: 

SEQUENCE CHARACTERISTICS: 

LENGTH: 19 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY: Linear 

HYPOTHETICAL: YES 

SEQUENCE DESCRIPTION: SEQ ID NO. 2 
AAACTTTCAT CAGTAACAA 



INFORMATION FOR SEQ ID NO. 3: 

SEQUENCE CHARACTERISTICS : 

LENGTH: 23 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY: Linear 

HYPOTHETICAL: YES 

SEQUENCE DESCRIPTION: SEQ ID NO. 3 
TCTCCAGGTT ATGCTCATAC TAG 



INFORMATION FOR SEQ ID NO. 4: 

SEQUENCE CHARACTERISTICS: 

LENGTH: 23 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY : Linear 

HYPOTHETICAL: YES 

SEQUENCE DESCRIPTION: SEQ ID NO. 4 



AACAATCAGA ACACTGAATC GAA 
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INFORMATION FOR SEQ ID NO. 5: 

SEQUENCE CHARACTERISTICS: 

LENGTH: 30 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY : Linear 

HYPOTHETICAL : YES 

SEQUENCE DESCRIPTION: SEQ ID NO. 5: 

TCATGAATTT GTTTTGAATG CTAAATTATC 



INFORMATION FOR SEQ ID NO. 6: 

SEQUENCE CHARACTERISTICS : 

LENGTH: 28 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY: Linear 

HYPOTHETICAL: YES 

SEQUENCE DESCRIPTION: SEQ ID NO. 6: 
CCAGATTAAT GGAACCAAAA AAATTTGC 



INFORMATION FOR SEQ ID NO. 7: 

SEQUENCE CHARACTERISTICS: 

LENGTH: 30 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY: Linear 

HYPOTHETICAL : YES 

SEQUENCE DESCRIPTION: SEQ ID NO. 7: 

CCTTATTTAC CATTTAGTGG TGGTAGACAT 



INFORMATION FOR SEQ ID NO. 8: 

SEQUENCE CHARACTERISTICS: 

LENGTH: 32 base pairs 

TYPE: Nucleic acid 

STRAND FORM: Single strand 
TOPOLOGY : Linear 
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HYPOTHETICAL: YES 

SEQUENCE DESCRIPTION: SEQ ID NO. 8: 

TTAACTACTT TTATTTATAA TTTAAGATGG AC 



09/284155 
BOfec'dPCr/PTD 08 APR 1999 

SEQUENCE LISTING 

<110> Eberhard-Karls-Universitat Tubingen University Cli 

<120> Detection of resistant fungal cells 

<130> WWH-188 

<140> 
<141> 

<150> DE 196.43.486.6 
<151> 1996-10-22 

<150> PCT/EP97/05454 
<151> 1997-10-04 

<160> 8 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: hybridization 
probe (candida albicans) 

<400> 1 

aagtatggtg atgtattttc a 21 

<210> 2 
<2ll> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: hybridization 
probe (candida albicans) 

<400> 2 

aaactttcat cagtaacaa 19 

<210> 3 
<211> 23 
<212> DNA 
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<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: hybridization 
probe (Candida albicans) 

<400> 3 

tctccaggtt atgctcatac tag 23 

<210> 4 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: hybridization 
probe (candida albicans) 

<400> 4 

aacaatcaga acactgaatc gaa 23 

<210> 5 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: hybridization 
probe (candida albicans) 



<400> 5 

tcatgaattt gttttgaatg ctaaattatc 

<210> 6 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: hybridization 
probe (candida albicans) 

<400> 6 

ccagattaat ggaaccaaaa aaatttgc 28 

<210> 7 
<211> 30 
<212> DNA 
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<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: hybridization 
probe (candida albicans) 

<400> 7 

ccttatttac catttagtgg tggtagacat 30 

<210> 8 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: hybridization 
probe (candida albicans) 

<400> 8 

ttaactactt ttatttataa tttaagatgg ac 32 



3 
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Therefore, what I claim, is: 



Claims : 

1. A method for detecting resistant fungal cells in clinical 
material, comprising the steps of: 

a) extraction of fungus-specific nucleic acids from 
clinical material; and 

b) hybridization of the fungus-specific nucleic acids 
with hybridization probes which are directed against 
nucleic acid segments of azole derivative-resistant 
fungal cells. 

2. The method as in Claim 1, wherein the hybridization probes 
are directed against a DNA segment from the 14-a- 
lanosterol demethylase gene. 

3. The method as in Claim 2, wherein the hybridization probes 
are directed against a DNA segment from the 14-cc- 
lanosterol demethylase gene (ERG16 gene) of the species 
Candida albicans. 

4. The method as in Claim 2, wherein between steps a) and b) 
a PCR reaction is performed in which segments of the 14-cc- 
lanosterol demethylase gene are amplified. 
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5. The method as in Claim 3, wherein between steps a) and b) 
a PCR reaction is performed in which segments of the 14-a- 
lanosterol demethylase gene are amplified. 

6. The method as in Claim 4, wherein a primer for the PCR re- 
action is selected from the group consisting of SEQ ID- 
No. : 1 , SEQ ID-No . : 2 , SEQ ID-No . : 3 and SEQ ID-No . : 4 . 

7. The method as in Claim 5, wherein a primer for the PCR re- 
action is selected from the group consisting of SEQ ID- 
No.: 1, SEQ ID-No.: 2, SEQ ID-No.: 3 and SEQ ID-No.: 4. 

8. The method as in Claim 1, wherein a hybridization probe 
for step b) is selected from the group consisting of SEQ 
ID-No.: 5, SEQ ID-No.: 6, SEQ ID-No. : 7 and SEQ ID-No.: 8. 

9. The method as in Claim 4, wherein a hybridization probe 
for step b) is selected from the group consisting of SEQ 
ID-No.: 5, SEQ ID-No.: 6, SEQ ID-No.: 7 and SEQ ID-No . : 8 . 

10. The method as in Claim 6, wherein a hybridization probe 
for step b) is selected from the group consisting of SEQ 
ID-No.: 5, SEQ ID-No.: 6, SEQ ID-No.: 7 and SEQ ID-No.: 8. 

11. The method as in Claim 1, wherein in step b) the hybridi- 
zation probes are labeled with digoxigenin and used in 
Southern hybridization. 

12. The method as in Claim 8, wherein after hybridization, at 
least one washing step is performed at a temperature which 



is approximately 1°C less than the melting temperature 
(Tm) of the particular hybridization probe used. 

The method as in Claim 9, wherein after hybridization, at 
least one washing step is performed at a temperature which 
is approximately 1°C less than the melting temperature 
(Tm) of the particular hybridization probe used. 

The method as in Claim 10, wherein after hybridization, at 
least one washing step is performed at a temperature which 
is approximately 1°C less than the melting temperature 
(Tm) of the particular hybridization probe used. 

The nucleotide sequence SEQ ID no. 1 from the enclosed Se- 
quence Listing. 

The nucleotide sequence SEQ ID no. 2 from the enclosed Se- 
quence Listing. 

The nucleotide sequence SEQ ID no. 3 from the enclosed Se- 
quence Listing. 

The nucleotide sequence SEQ ID no. 4 from the enclosed Se- 
quence Listing. 

The nucleotide sequence SEQ ID no. 5 from the enclosed Se- 
quence Listing. 

The nucleotide sequence SEQ ID no. 6 from the enclosed Se- 
quence Listing. 



The nucleotide sequence SEQ ID no. 7 from the enclosed Se- 
quence Listing. 



The nucleotide sequence SEQ ID no. 8 from the enclosed Se- 
quence Listing. 

Use of the nucleotide sequences SEQ ID no. 1 and SEQ ID 
no. 2 as primers, and nucleotide sequences SEQ ID no. 5 
and/or SEQ ID no. 6 as hybridization probes, in a method 
as in Claim 4. 

Use of the nucleotide sequences SEQ ID nos. 3 and SEQ ID 
no. 4 as primers, and nucleotide sequences SEQ ID no. 7 
and/or SEQ ID no. 8 as hybridization probes, in a method 
as in Claim 4. 

A kit for the analysis of fungal infections with azole de- 
rivative-resistant fungal strains, containing at least one 
nucleotide sequences selected from the group consisting of 
SEQ ID-No. : 1, SEQ ID-No.: 2, SEQ ID-No. : 3, SEQ ID-No.: 
4, SEQ ID-No.: 5, SEQ ID-No. : 6, SEQ ID-No.: 7, SEQ ID- 
No.: 8 . 

A kit for performing the method as in Claim 1. 
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Abstract 



A method is presented for detecting resistant fungal cells in 
clinical material. First, fungus-specific nucleic acids are ex- 
tracted from clinical material. Then, the fungus-specific nu- 
cleic acids are hybridized with hybridization probes directed 
against nucleic acids segments of azole derivative-resistant 
fungal cells. Prior to the hybridization a PCR reaction may be 
performed in which segments of the 14-a-lanosterol demethylase 
gene are amplified. Primers and probes for the PCR rejection 
and the hybridization, respectively, are also presented. 
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Declaration, Power of Attorney, and Petition 

As a below named inventor, I/we hereby declare that: 

My/Our residence, post office address and citizenship is/are as stated below next to my/our name(s), 

1 believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: METHOD FOR DETECTING RESISTANT FUNGAL CELLS IN CLINICAL MATERIAL, the specification 
of which (check one) 

□ is attached hereto; or 

HI was filed on April 8, 1999 as Application Serial No. 09/284, 1 55 and was amended on 
(if applicable); or 

PCT FILED APPLICATION ENTERING NATIONAL STAGE 

@ was described and claimed in International Application No. PCT/EP97/05454 filed on 

October 4, 1997 and as amended on (if applicable). 

I/We hereby state that I/we have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above, and that it contains a full, clear, 
concise and exact description of the subject matter for which a patent is sought. 

I/we acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, § 1.56(a). 

Prior Application(s) 

® (Check if applicable) I/We hereby claim foreign priority benefits under Title 35, United States Code 
§ 1 19, by checking the box(es) below, any foreign application(s) for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on which priority is claimed: 



Prior Foreign Application^") 

Priority 

Claimed 

196 43 486.6 Germany 22 October 1996 [T] [ | 

(Number) (Country) Day /month/year filed Yes No 

□ □ 

(Number) (Country) Day/month/year filed Yes No 



□ (Check if applicable) I/We hereby claim the benefit under Title 35, United States Code, § 1 19(e) of 
any United States provisional application(s) listed below: 



Barry Kramer, Reg. No. 20,622 Jeffrey J. Miller, Reg. No. 39,773 

Neil G. Cohen, Reg. No. 35,100 Steven J. Moore, Reg. No. 35,959 

Mark Giarrantana, Reg. No. 32,6 1 5 Basem E. Nabulsi, Reg. No. 3 1 ,645 

Joseph Kentoffio, Reg. No. 33, 1 89 R. Thomas Payne, Reg. No. 30,674 

James W. Jakobsen, Reg. No. 38,505 Scott D. Wofsy, Reg. No. 35,413 

of the firm of CUMMINGS & LOCKWOOD, whose address is Four Stamford Plaza, P.O. Box 120, Stamford, Connecticut 
06904-0120, as my/our attorneys with full power of substitution and revocation, to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith. 



Please address all written correspondence to the address associated with United States Patent and 
Trademark Customer Number 21 832: 



CUMMINGS & LOCKWOOD 
Granite Square 
700 State Street 
P.O. Box 196020 
New Haven, CT 06509-1960 
Fax (203) 351-4535 



Telephone Calls should be directed to Steven J. Moore, by dialing (203) 351-4333. 



Wherefore I/we pray that Letters Patent be granted to me/us for the invention or discovery described and 
claimed in the foregoing specification and claims, and I/we hereby subscribe my name to the foregoing specification and 
claims, declaration, power of attorney, and this petition. 

, CD 

Full name of first inventor: J " 



Residence: Wallensteinstrafie 30, D-72770 Reutlingen, Germany 

Citizenship: German 4J£d^ 

Post Office Address: Wallensteinstrafie 30, D-72770 Reutlingen, Germany 



Inventor's signature 



(•€) 

Full name of second inventor:^^' ^ 



Hermann EINSELE 



Residence: Kasenbachstrafie 28/3TD^076JTubingen, Germany p ^ y 

Citizenship: German /'/ " " 

Post Office Address: Kasen^chftrafie ffi3, #-72076 Tubingen, Germany 

Inventor's signature X L f A ^ Date: X J^k (fr Sf) 
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Prior Provisional Applications) 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

{Note: When the nonprovisional application is entitled to an earlier U.S. effective filing date of one or more provisional 
applications under Title 35, United States Code § 1 19(e), a statement such as "This application claims the benefit of U.S. 

Provisional Application No. , filed , and U.S. Provisional Application No. 

j filed ." should appear as the first sentence of the description. In view of this requirement, 

the right to rely on a prior application may be waived or refused by an applicant by refraining from inserting a reference to 
the prior application in the specification of the later one.) 

□ (Check if applicable) I/We hereby claim the benefit under Title 35, United States Code, § 120 of any 
United States application(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, United States 
Code, § 1 12, I/we acknowledge the duty to disclose material information as defined in Title 37, Code of Federal 
Regulations, § 1.56(a) which occurred between the filing date of the prior application and the national or PCT international 
filing date of this application: 

Prior U.S. Application(s) 

(Application Serial No.) (Filing Date) Status (Patented, pending, abandoned) 

(Application Serial No.) (Filing Date) Status (Patented, pending, abandoned) 



□ (Check if applicable) I/We hereby authorize the U.S. attorneys or agents named herein to accept and 
follow instructions from IXAS Conseil as to any action to be taken in the Patent and Trademark Office regarding this 
application without direct communication between the U.S. attorneys or agents named herein and myself/ourselves. In the 
event of a change, I/we will notify in writing the U.S. attorney or agent named herein. 

□ (Check if applicable) In this continuation-in-part application, insofar as the subject matter of any of 
the claims of this application is not disclosed in the prior United States application in the manner provided by the first 
paragraph of Title 35, United States Code, Section 1 12, 1 acknowledge the duty to disclose material information as defined 
in Title 37, Code of Federal Regulations, Section 1.56(a) which occurred between the filing date of the prior application 
and the national or PCT international filing date of this application. 

I/We hereby declare that all statements made herein of my/our own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1 00 1 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

~~ I? £ we4iefeb^app^int the attorneys whose names are associated with United States Patent and Trademark 

Office/ Customer Number 2 1 832: > 
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